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I, INTRODUCTION

The goals of the research project sponsored by the Office of
Naval Research at Tennessee Agricultural and Industrial State Unie=
versity are ss followsg

(1) to prepare and study the properties of a number of

organic derivatives of tin hydride, (stannane).

(2) to deduce from the differences between the properties

of these compounds and those of analogous compounds
of carbon and silicon; the effects due to the more
electropositive nature of tin,

(3) to derive, wherever possible, theoretical principies

which will serve as a gulde to further research in
this aresa.

The approach to this research has been dictated by the availa=-
bility of apparatus and personnel, hence the choice of problems
appears arbitrary. However, as the data from various experiments
have been assembled, certain cons’stencies have become avpparent,
These consistencies are discussed in the final section of this re=
port where the results of the various experiments are correlated
and interpreted in the light of recent chemical theory,

IY, THERMOCHEMISTRY OF SEVEZRAL ALKYL AND ARYL STANNANES

It is desirable to make thermochemical studies of organo-tin
compounds because the data obtained can be used to calculate bond
energies and the electronegetivity of the metal., .This Jnformation
is important in that it will contribute to the theoretical inter-

pretation of the chemical properties of organo-tin compounds.




2.
Published values of the heats of combustion and formetion of
tin alkyls exist only in the case of tetraethyl tin, tetrapropyl
1 :
tin, tetrabutyl tin and tetraamyl tin.

W. Jo Jones, D, P, Evans, T. Gulwell and D, C. Griffiths,
J. Chem. Soc. 39-47 (1935)
k)

In this investigation, the heats of combustion and formation
of tetraethyl tin and tetrabutyl tin have been redetermined, and
the heats of combustion of tetramethyl tin, tetra-n-hexyl tin and
tetraphenyl tin are reported for the first time,

Experimental

Pure tetra alkyl stannanes were prepared according to the

method of Kocheshkow2 as modified by Jones and co-workers.1 Ben-

°K. A. Kccheshkow, J. Gen. Chem., (USSR) 4, 1359 (1934)

zene solutions of stannic chloride were added to an excess of the
appropriate grignard reagents, The excess grignard reagent was
then destroyed by hydrolysis and the crude product was repeatedly
distilled through an efficlent fractionating colurm until a sample
was obtalned which showed no change in refractive index upon fur-
ther distillation. (It was found thst the index of refraction was
a better criterion of purity than elementary analysis. 3amples
containing small amounts of impurity often gasve "correct" analyses
but in such cases, the observed index of refraction would change
upon further distillatiun,)

In the preparation of tetramethyl tin, toluene rather than
benzene was used as a solvent for the stannic chloride in order
thst the separation of the product could be more easily accomplished.

Tetraphenyl tin, a solid at room temperatures, was purified by




Se
recrystallization from benzeneo,

Physical properties of the compounds studied are listed in

Table I,
TABLE T
Physical Constants of Compounds Studied
Compound B. Pt, M. Pt, n20 Density st 20° ¢

o¢ °c D g/ml
Tetramethyl tin 78°/760mm 1.4413 1.2905
Tetrasthyl tin  78°/13mm 1.4724 1.1916
Tetrapropyl tin 81°/4mm 1.4830
Tetrabutyl tin 145°/10mm 1.4730 1,057
Tetraamyl tin 181/10mm 1,4733 1,0206
Tetra-n=hexyl tin 209°/10mn 1.4743 09950
Tetraphenyl tin 224° 0,432

The heats of combutstion were determined in a Parr oxygen bomb

calorimeter, model no. 13051, The bomb was a single valve self-
sealing type construcved o5. 1llium, Its assembled weight wes
2963,7 grams and its internal capscity was 350 cc,

The bomb was held in an oval calorimeter bucket of slightly
more than 2000 cc. capacity, This in turn was contained in a
plain, double waslled bakelite jacket., The heat of stirring was
within the 1limits of experimental error, moreover, this effect wss
eliminated by running the standsrdizations and determinations in
exactly the same manner,

The temperature was measured by mean: of s precision ther-

mometer, (certificate No. R0229), reading from 65 to 95° F.,

|
l

— am—— —



4,
graduated in hundredths of a degree, and standardized by the Parr
Instrument Company according to the recommendetions of the National
Buresau of Standards. The maximum error in differential measure-
ments within any ten degree range wss ono hundredth degree Fahren-
heit (O.Olo F). The observed temperature rise in a combustion ex=
periment was converted from degrees Fahrenhelt to degrees Centigrade
using the factor, 1° ¢c = 1.8° F,

The charge was fired by ten centimeters of special resiatance
fuse wire of such dimensions that each one centimeter length burned
was equivalent to 2,8 calories,

The same mass of water, within O.1 gram, was used in each com=-
bustions This was measured in a two liter volumetric flask at a
temperature of 27° C. maintained constant by placing the flask in
a thermostated water bathe The same pressure of commercial oxygen,
25 atm., absolute, was used iIn every run, and 1 g. of water was added
to the bomb,

Nitric acid formed in the combustion® was determined by ti-
tration of the bomb washings with standard sodiws carbonate, using
methyl orange ss indicator,

The actual tempersture rise during combustion was calculated

and corrected according to the method of Dickinson.3

3
Dickinson, H. C., Bull. U. S, Bur. Stds. 11, 189 (1915),

The calorimeter constant was determined by the combustion of

¥Nitric acid was formed by the combustion of residual nitro-
gen in the bomb., Itwas found thst the combustion reactions pro-
cecded more smoothly when the bomb was not flushed with oxygen

prior to the final filling,
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benzoic acid (standard sample 39 g,) supplied by the National
Bureau of Standards. The isothermal heat of combustion of this
sample 1s certified to be 26,4388 abs., kj. per gram true mass
when burned in pure oxygen at 25<3C atm, pressure in a bomb of
approximately 1/3 liter volume. For convenience in these measure-
ments, the calorimeter constent was expressed in celories per de-
gree, derived from the international kilojoule by using the con-
version factor; 1 calorie = 0,0041840 abs. kJje

The value of the calorimeter constant was found to be 2421 £ 2
cal. per degrese, Detailed calibration data is given in Table II,

TABLE II

Standardization of the Bomb Cslorimeter

Run Calorimeter
No. Const,
(cal/degree)

2427
2415

1
2
3 2428
4 2417
S

2420
Mean 2421 £ 2.1

Samples of the tetra=alkyl stannanes were weighed directly in
the sample cup of the bomb and the procedure used in the determina-
tion of their hests of combustion was identical with that used in
the standardizastion of the calorimeter,

A slight modification was adopted in the case of the highly
volatile tetramethyl tin., Samples of this compound were weighed




6.
and sealed in soft glass ampoules. A 0.5 gram pellet of benzolc
acid was placed in the bomb with each sample to insure breakage of
the ampoule and to initlate the combustion of the tetrsmethyl tin,
In the calculations of the heat of combustlon, corrections were
mede for the heat due to the benzolc acid,

The solild tetraphenyl tin was compressed into pellets weigh-
ing spproximately one gram,

In most of the experiments, the combustion reaction went to
completion as was evlidenced by the consistent results and by the
fact that stannic oxlde was left as a white residue. In cases
where the residue was dark or discolored, 1t was obvious that the
combustion had been incomplete.

Calculation of Hdeats of Combustion

Combustion data on the compounds investigated sre given in
Table III., In order to express the experimentasl results in
caloriea per mole under the conventionsl conditions of temperature
and pressure, the following correctlions were applied:

(1) All weighings were reduced to weight in vacuo,

(11) The bomb process was corrected for the combustion of
the fuse wire and formation of nitric acid,

(111) The bomb process was corrected to constant temperature.
(iv) The pressure was reduced to one stmosphere,

(v) The combustion was converted from a constant volume
process to one of constant pressure.

Correction (1) was applied at the outset. This required the

knowledge of the densities at room temperature of all the substances

weighed, Relilable figures vvere avallsble for sll of these except
tetraphenyl tin, irn which case the density was messured ard found

to be 0,432 g/ml.
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TABLE III
of Combustion and Formation
of

Tetra=organo-tin Compounds

Compound

3-

Observed
L .H (comb. )
Kcal/mole

Heat of T
form7tion
Kcal/mole :#

F

Tetramethyltin

$-

945
927
929
934
Mean 934 £ 2.8

-9

Tetraethyltin

1541
1548
1552
1547
Mean 1537 £ 1.5

(1521)8

£ 27

(£39)8

Tetraenebutyltin

2624
2806

2819
Mean 23%3 £ 3.9

(2773 )8

4 57

($111)8

Tetraen<hexyltin

4063
4065
4050
Mean 4080 4 3.2

# 119

Tetraphenyltin

3178
3175
3189
3184
3182
Mean 3182 £ 1.8

£ 581

8pata of Jones snd co-workers, ref. l.
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Correction (11) was determined by measuring the unburned wire
and by titrating the nitric acid formed in the reaction with stand-
ard sodium carbonate,

The 1nitilal temperature of riost of these experiments was ap=-
proximately 27° C., which was about two degrees below average roomn
temperature. The heat of the actusl bomb process was corrected to
this tempersture rather than 25° using the equstion suggested by

‘.‘!ashburn.4

4¥ashburn, J. Res. Nat. Bur. Stds. 10, 525 (1933),

The observed heat of the bomb process was corrected to the heat
Of combustion at one atmosphere pressure with all of the substences
in thelr standard states, according to the method of ‘Vashburn4 (loce
cite)e In the case of the compounds studied in this investigation,
this correction was well within the limits of experimental error,

Correction (v) was computed according to the equation,

QH= QU £ O nRT

where H is the heat of combustion at constant pressure,AUr is
the corrected heat of combustion at constant volume, An is the
change in the number of moles of gaseous substances involved in the
combustion reaction, R is the gas constant and T is the absolute
tempera ture. The general equstion for the combustion of the come-
pounds studied in the investigation™ 1is (CnH oo s 1 )4 Sn #
(6n £ 2) 0, —» 8no,, #£ 4n co, 4 (4n £ 2) H,0 and at room tempera-

®yith the exception of tetraphenyl tin; the equation for
the ocombustion of this substance is

(CgHg )y Sn # 300,=mp24C0, # 1060 # 8nO,
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ture; An 8 (6n £ 2) «4n 2 2n £ 2,

The values of -QH listed in Table III represents the neat
liberated when one mole of the given substance in its standard
state burns in oxygen at one stmosphere pressure, the process
occuring at approximately 27° Ce These values have uncertainties
of 041 to 0,3% which is vhe maximum precision obtainable with
apparatus of the type used in this investigation. However, much
of the thermochemical data used tc calculate heats of formation and
bond energles are known with no greater accuracy.

Calculation of the Heats of Formation

The heats of formastion were calculated from the heats of come
bustion and the results sre given in Table III., In these calcu~
lations the heats of formation of liquid water, gaseous carbon
dioxide and solid stannic oxide were taken to be 68.3175, 94.0526,

7
and 1388 kcal. per mole, respectively.

5D. D, Nagman, J. E, Kilpatrick, V¥V, U, Taylor, K, S, Pitzer
6and F. D. Rossini, J, Res, Nat, Bur. Stds. 34, 143, 1945,
Ee Je Prossen, R. S. Jessup and F., D, Rossini, J. Res. Nat,
Bur. Stds. 33, 447 (1944)

7J. Moose and S. W. Parr, J. Am. Chem. Soc. 46, 2656 (1924)

Discussion of Results

Comparison of the heats of combusticn of tetraethyl tin and
tetrabutyl tin reported by Jones and Eo=WorKors (Loc. cit.),
with the values obtained in this investigation reve@8ls that the
results are consistently higher in the latter case, This difference
is greater than that expected for a small difference in refercnce
temperature., However, since the previous report does not include
any experimental detalls, other thun a brief description of the
calorimeter, 1t is not possible to ascertain reasons for the ap-

parent discirepancies,
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The principal source of error in experiments of this type,
where one of the oombnetion products 1s a solid, is fallure to
obtain complete combustiones This would lead to low values of the
observed heat of combustion,

Inspcection of Table III roveals that thero is about 158 kecel
per moie increase in the heat of combustion per CHz group added in
lengthening the alkyl radical chains from methyl to hexyl. This
is in agreement with the increase of 157.5 kcal per CH2 group obe
served in the heats of combustion of homologous paraffin hydro-
carbonse

ITI. CALCULATIO!! OF BOND =ENERGIES

In the case of diatomic molecules, the term "bond encrgy" is
defined as the energy required to dissociaste the molecule into its
stoms. Such energles csn be detcermincd directly by spectroscopia
or by thermochemical means. In the case of polyatonic mclecules,
it is not possible to unambiguously define the "bond energy" be=
cause of the undetermined influence of the several bonds upon one
another, Noreover it has been pointed out that the electronic
energy lavels of the atoms in g compound may be different from

the ground states of the isolated atoms.8 Unfortunatcly, data cone

8L. He Long and R. G. ¥, Norrish. Pnil, Trans. Roy. Soc.,
London A £41, 587 (1949),

cerning thcse excited electronic states arc not always available,
In the case of polyatomic molceules in which sll the bonds are

alike, one can determine the 2nergy required to brecak all of the

bonds and by dividing by the total number of bonds broken, obtain

an "average bond snergy" which rcprescnts a lower limit to the true

———




11,

bond energy.g Rough values of the bond energies of polyaetomle

‘L, Pauling, "WNature of the Chemicel Bond". Cornell Univ,
Press, Ithsca, 1940 pp. 52-58.

molecules containing unlike vonds may be determined by subtracting
known bond energies from the energy required to totally dilssoclate
the molecules into atoms.

Using Pauling's empirical values of single bond enrnergies and
heats of atomizationg, together with the thermochemical data obtain-
¢d in this 1nvestigation, we have cslculated the tin~carbon bdbond
encrgies in tetramethyl tin and tetraethyl tin. The requircd data
is summarized in Table IV,

TABLE IV
Data Used In The Calculation of Bond Energies

Process O Hpgg
(Kcal)/mole

OH formetion (CH3)4Sn -9,
OH formation (02H5)4Sn 27,
AH vaporizstion (CH5)4Sn(a) - 745
QX vaporizstion (02H5)4Sn(b) - 9¢5
Sn(solid) ——> Sn(gas)(c) 78,0
C(graphite) em——p C(gas)(C) 124,3
Hz(gas > 2 H(gas)(c) 51,7
Empirical bond c¢nergy, D(C - H)(c) 87 ¢3
Empirical bond oner.y, D(C - c)te) 5846

(a) ostimeted from vapor pressure data
(bg estimated using Trouton's rule
(c) L, Peuling, reference 9

g > =

T ———rD ) (s Al Y. B A Sl
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Calculations of the bond energies were made as follows:

Sn(CHg ), (1iquid)—>38n(solid) £ 4 C(graphite) £ 6H,(gas) -Asl.{o
Sn(CHz)4(gas) —> Sn(CHz),(11quid) . = 17,5
Sn(solid) —>Sn(gas) £ 18,0
4C(graphite) —=>4C(gas) £ 497,.2
6Hy(gas) —>» 12 H(gas) £ 620.4
Sn(CH;),(gas) ~—>Sn(gas) £ 4 C(gas) ¢ 12 H(gas) £1179.1

Subtracting the energy of twelve C-H bonds, (1047.6 kcal), and
dividing the remainder ty four, yields 32.9 kcal/mole as the energy
of the Sn-C bond in tetramethyl tin,

In the case of tetraethyl tin the thermochemical equations are as

follows:
JAY:
Sn(CgHg )4 (11quid) —DSn(s0lid) # 8 C(graphite) £ 10 Hy(gas) £ 27.0
Sn(02H5)4(gas) —> Sn(CpHg )4 (1iquid) - 0.5
Sn(solid) —>3n(gas) £ 78,0
8 C(graphite) —>8 C(gas) #4994 ,4
10 Hy(gas) —>20 H(gas) #£1034,0
Sn(CoHg) (gas) — Sn(gas) ¢ 8 C(gas) ¢ 20 H(ges) 2123,9

Subtracting the energies of four C-C bonds (234.4 kcal), plus twenty
C~H bonds (1746 kcal) and dividing the remainder by four, yields
35,9 kcal/mola as the Sn-C bond energy in tetraethyl tin,

Similar calculations yielded 37 kcal/mole and 39 kcal/mole as
the Sn-C bond energies in tetrabutyl tin and tetrahexyl tin, re-
spectively. However, these latter figures represent small differe
ences between relatively large numbers and for that reason are mere-

ly approximations,




13,

It can be concluded that (1) the bond energies in these organo-
tin molecules are additive and (2) in the compounds studied the
S3n-C bond energy has a reasorably constant value,

IV, INFRARED STUDIES

It has been the intention of the Physics Department at this
University to initiate a program of research in infrared spectros-
copy. In anticipation of this program, an investigation of the
infrared spectra of organo-tin compounds was undertaken on this
project. Since no instrument was available on this campus, samples
of the desired compounds were sent to e commercial laboratory where
spectrograms were made,

The data reported here are of a preliminery nature and the con-
clusicns reached are tentative., Our own instrument has been recent-
ly purchased and as soon as it is installed this work will be ex-

tended,

Experimental

The compounds studied were prepared in a state of high purity
£8 described in an earlier section of this report. Spectrograms
of the compounds studied are shown in figures I and II, They in-
clude tetramethyl tin, I-A; tetraethyl tin, I-C; tetrapropyl tin
II-F; tetraphenyl tin I-E; tetra-n-amyl tin, II-H; tetra-n-hexyl
tin, I-D; tetraphenyl tin, I-B; diethyl tin dichloride, II-~G; and
tripropyl tin chloride, II-J. In these figures the percent trans-
mission 18 plotted against wavelength and against wave number. In
the case of tetramethyl tin, the measurements made on samples of
0.2 mm. thickness and 0.01 mm. thicknesas ara ashown an tha sama

spectrogram,
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The spectrograms were recorded at Samuel Sadtler and Son, Inc.,
employing a Baird Associates doubls beam gspectrophotometer equipped
with rock salt optica. The spectral region covered was from two to
sixteen microns. The spectral slit widths extended from 0,0C3 inch
to 0617 inch. The position of the sharp absorption bands are de-
termined to £ 0,025 microna

The spectra, with the exception of two samples, were obtained
in the liquid state using Baird 1liquld cells with thiokness of 0,01
and 0,20 mme, The spectrum of tetraphenyl tin was obtained in a
Nujol mull, The spectrum of diethyl tin dichloride was run in a
saturated carbon tetrachloride solution.

Analx§is of the Spectrograms

A preliminary study has been made of the spectrograms of the
six gsymmetrically substituted alkyl stannanes, SnR4, where R indi-
cates methyl, ethyl, propyl, butyl, amyl and n-hexyl groups success-
ivelye
This study was undertaken with the view of realizing the following
objectives:

(1) to secure a uniquo physicel characterization of these com=
pounds by means of their infrared absorption spectra,

(2) to provide additional experimental evidence for the assumpe
ticn that, even in complex moleculss, certain molecular
groupings of atoms retain their characteristic group
vibrationse.

(3) to observe the effect of the complexity of the substituent
alkyl group in the compounds of the type 3nR, upon the so
called skeletal vibrations of molecules posséssing this
symme try (Td).

(4) to supply vibrational frequencies that may be
culate certain thermndynamical datas for comron

us
rad
type ° 10

e o

d to le
of 4]

ca
il

10, B, Wilson, Chem, Reve. 17, 27, (1940)
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Of the compounds reported here, only tetramethyl tin has been
previously studied spectroscopically.11 A complete assignment of
the fundamental frequencies of this compound has been made in the

spectral region 1 to 15/4.12

ﬁc. F. Kettering and W. W. Sleator, Physics 4, 39 (1933)
C. W, Young, J. S. Koekler and D, S. McKinney, J. Am., Chem,
Soc. 69, 1410 (1947)

The spectrogram of tetramethyl tin shown in Fig, I-A, is in
exact agreement with that obtained by earlier workers,ll there-
fore we have used the assignment ol frequencies given by Ybun312
and co-workers as a basis for assignments in the case of the higher
members of this serles. Also taken into account were the results

13 and

of the analysis of the Raman spectra of tetraethyl silane
the infrared analysis of tetraethyl lead14 for which analogous

vibrational frequencles should be expected,

13y, Murato, R. Okawara and T, Watase, J, Chem, Phys, 18,
141308, {1950)

A. B, F. Duncen and J, W, Murray, J. Chem, FPhys, 2,
636 (1934)

Preliminary assignments are listed in Table V, where v (C=H)
denotes stretching vibrations of the C-H bonds and § (C~H) denotes
deformation vibrations,

Consideration of the results from the point of view of the
stated objectives of this investigation reveals the following:

(1) It 12 possible to uniquely characterize each of the cor-

pounds of the type SnR4, by means of its infrared spectrum,

A scrutiny of Figs, I and II reveals that the more signifi-

cant spectral differences appear in the range 9 to 16

microns, the so-called "finger print region',

- ——

.~ - —

L O



16,

TABLE V

Preliminary Assignment of Group Vibrastions

Compound Observed Frequenciss (em™1)
v (CH) 3 (C-H)

1449,1193,
Tetramethyltin 2906,2958 781

1460,1416,18%0,
Tetrasthyltin 2849 1229,1180,790

1456,1416,1377,

1333,1279,1218,

1190,1160,794
Tetrapropyltin 2890 769,701

1458,1412,1373,1333,
1289,1247,1176,1147,
Tetrabutyltin 2857 745,690

1464,1416,1379,1366,

1337,1297,1263,

1232,1170,1152,743
Teatraamyltin 2857 691

1460,1412,1374,1333,
1287,1244,1211,1163,
Tevrahexyltin 2857 1145,727,691

e s s B AT P O ———,
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(2) Table V reveals the degree to which CH; and CH, group
vibrational frequencies are associated with strétching,
/(C=H) ; and deformation, 3 (C-H), modes of vibrations
remain invariant throughout the series of increasingly
corplex molecules, going from tetramethyl tin to tetra-n-
hexyl tin,

(3) No skeletal vibrstions appear in the spectral range em-

braced by the present survey.
These results indicate the necessity of extending the measurements
over a wider spectral range (50 c:m."1 to 5000 cm.-l), and of ra-
examining the high frequency region under higher dispersion.

If this is done it should be possible tc (1) make positive
assignments of all observed frequencies on the assumption of a
molecular model having symmetry Tys (2) make an approximste cal-
culation of the effective "Re-masses™, assuming that the radical
behaves as & point massls'ls; (3) calculate force constants of Sn-C

bonds in molecules of the type SnR4.

15R, K. Sheline, J, Chem. Phys. 18, 602 (1950)
16R, K. Sheline and K. Pitzer, J. Chem. Fhys. 18, 595 (1950)

V. ATTEMPTED FPREPARATION OF CHLOROETHYL STANNANES
Several sttempts were made to prepare chlorocethyl tin chlorides
cf the general formula, {(Cl 62H4)y8n61(4_y), where y is an integer,
1 to 4, Two methods of attack were employed: (1) photochemical
chlorination with elementary chlorine in the presence of phosphorous
pentachloride; (2) reaction with sulfuryl chloride in the presence
cf benzavyl peroxida.

Both procedures have been used auccessfully to prepare anae

o At QT . . Bt e
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logous silicon compounds,17'18’19 however in the case of the tin

17yshakov end Itenberg, J. Gen. Chem. USSR 7, 2495 (1937)
18Krieble and Elllott, J. Amer. Chem. Soc. 67, 1810 (1945)
193ommer and Whitmore, J. Amer. Chem. Soc. EE, 485 (1946)

compounds, replacement of the alkyl radical by chlorine rather than
chlorination was the principsl reaction,

When tetrasethyl tin wes used as the starting materiasl a mixe
ture of the ethyltin chlorides, stannic chloride and ethyl chloride
were the only products. When ethyltin trichloride was used as She
starting materisl, the products were stannic chloride and ethyl
chloride,

In the case of the peroxide catalyzed reaction with sulfuryl
chloride, 8 free radical mechanism was indicsted, Ethanse, ethylene,
and butane were fcund among the gaseous reaction products. These
were identified by measu-ement of their charscteristic vapor pres-
sures at seversl temperstures, and by determination of their molee-
uler weights. Since the experiments were not designed to collect
these substances quantitatively, it 1s not possible to report exact
yilelds. In ss much as in no case were the desired chloroethyl tin
chlorides obtained, this phase of the investigation was discontinued,

VI. SONME PROPZRTIES OF ETHYLTIN CHLORIDES

In order to separate and identify possible products in the
chlorinstion experiments, it w2s necessary to collect data on the
physicel properties of the ethyl tin halides, Little such infor-
mation is found in the current chemical literature., Therefore, very
pure samples of these compounds were prepasred and s careful study

of their physical properties was made,
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The results of these studies are summarized in Table VI,
Those properties not previously reported in the literature are de-
noted by asterisks,

Experimental
The ethyl tin chlorides were prepared by refluxing, according

to the methad of Kocheshkowzog calculated amounts of anhydrous

2OKocheshkow, Ber: 66, 1661, 1933,

stannic chloride and tetrsethyl tin for 10-12 hours, Purification
of the crude materisls was achieved by repested fractionation
through 8 smail Vigreaux column until products were obtained which
showed no change in refractive index upon further distillation and
which, upon analysis for tin and chlorine, agresd within 1% of the
theoretical,
Analgy Calc, for CZHSSnCIS; Sn, 46,9; Cl, 41.8, Found Sn, 46,1
Cl, 41.2, Cale, for C4H108n012; Sn, 48; Cl, 28,6
Found: 8Sn 47,.,8; C1 29,0, Csalc. for 06H158n01; Sn, 49.2;
Cl, 14.,7. Found: 8Sn, 48; C1l, 14,7,

The densities of the liquid compounds were measured with a pre-

cision of ,001 g/ml. at 204 0.1° C, The melting points of the

liquid samples were determined from cooling curves and the melting

point of the s0lid dlethyl tin dichloride was determined in & capile

lary tube in the conventional manner, The vapor pressures were de-
termined by the bolling point method, the external pressure being
maintained constant within £ 0,5 mm, Plots of log, P versus (1/T)
were linear from 10 mm, to atmospheric pressure,

Molecular refractions were calculeted using the atomic refrace

el el GO .
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tions of carbon, hydrogen and chlorine given by Eisenlohr,el and

2lp, Eisenlohr, 2 Physik Chem, 75, 585 (1910).

that of tin given by Jones and co-workers1 (loc. cite.) as determin-
ed in tetracthyl tin.

Since the value of the atomic refraction of tin varies with
the nature of the groups to which it is attached, the agreement of
the observed values of the molar refraction with the calculated
values 13 ag good as can be expected,

Recently, WVest and Rochow?? have devised = system of bond re-

%2R, West and E. G, Rochow, J. Am, Chem. Soc., 74, 2490 (1952)

fractions for tin compounds, Using appropriate values from thelr

1ist and the C-C and C~H bond refractions of Denbigh,23 calculated

23K, G. Denbigh, Trans, Faraday Society, 36, 936, (1940)

molecular refractions esre obtained which ere in excellent agree-
ment with the oxpcrimental values,
VII. PREPARATION OF ETHYL STANNANES

Finholt and co-workers24 have described the preparation of

24y . E. Finholt, A. C. Bond, Jr., K. W, Wilzbach and H. I,
Schlssinger, J. Ame Chem, Soc. 69, 2692, (1947),

methylsteannanes by the resction of lithium siuminum hydride with
the appropriste methyltin halide according to the general equation
4 RyS 4~y )LIA1H, e 4 R_SnH 4ey )L1X 4~y JA1X
ySnX , o yF (4-3)L1ALE, ySOH o )F (4=F)LIX £ (43 )ALX,
where R ropresents the methyl radical, X represents a halngen and

y is an integer, 1, 2, or 3, It is implicd that this procedure

cen be applied to the preparation of analogous compounds where the
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radical, R, may represent any alkyl or sryl groupe

However, in this investigation, i1t has been observed that there are
two faotors which limit the application of this procedure in the
case of the orgeno stannanes, These factors are as followss

(1) There is a large difference between the volatilities of the
methyl stannanes and stannanes containing heavier radicals, This
difference 1s comparsble to that observed between tetramethyl tin,
(normal B. Pt, 78° C), and tetraethyl tin, (normal B, Pt. 177° C).
Consequently, higher distillation temperatures sre required for
purification of the higher alkyl stannanes even when the pressure
1s reduced, This results in considerable decomposition of these

inherently unstable compounds,

ol N~ e —

(2) It has been observed that lithium aluminum hydride attacks the
8lkyl redicals as well as the halogens of the alkyl tin halide, The
products of this side reaction sre, hydrogen, hydrocardbons, polymerie
solids and motallie tin, The amount of side reaction is quite

appreciadble at and above room temperature, It has also been demone

strated that totraethyl tin reacts with lithium aluminum hydride

to give similar productse. i
Because of the above mentioned difficulties, only the ethyl ¢

stannanes have been prepared in quantitiocs sufficlent for a study

of their properties,
Experimental

The procedure followed was ossentially that described by
Pinho1t24 (loce ¢ite)e In the preparation of triethyl stannaqs)g
1athyl athar was used as a solvent and the pro-

diothyl stannene

(o7

ducts were purified by distillation through a small Vigreal soiumis ‘
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unider reduced pressure. In the preparation of ethyl stannane,
dibutyl ether was used as the solvent and the product was purified
by fractlonal ccndensation on a vacuum line,

The identitles of the compounds were established by molecular
woelght determination and by analysis for tin and hydrolyzable hydro-
gen, Physicel properties studied included vapor pressure, refrac-
tive index, and density. The individusl compounds and their pro-
perties are described below.

Triethyl Stannane: Calcd, for (CZHS)aan’ Sn 57.48; hydrolyzable

Hy 0.487%, Founa: Sn, 56.2; hydrolyzable H, C.49%. Density, 1.258
20

”p

the boiling point method, The plot of log F versus (1/T) was linear

g/ml at 20% ¢ s 1,4700, Vapor pressures were determined by

in the pressure range between 10 and 200 mm, and is represented by
the equation, log,,P = -2273/T £ 8,36. By extrapolation, the normal
boiling point was found to be 142° C,

Diethyl Stannane: Calcd, for (Csz)zanz‘ Me Wte, 178,7; hydroe
lyzable H, 1,1%. Found: M, Wte., 176; hydrolyzable H, 1%, Vapor
pressures were measured on the vacuum line, The best straight line
through fourteen points is represented by the equation, loglOP =
-2041/T £ 8.67. By extrapolstion the normal boiling point was
found to be 81° C.

Ethyl Stannape: Calcd, for (CZHS)San: Me Wt., 150,7; hydrolyzable
H, 1.9%: CQHS-, 19,3%. Found: M, Wt., 150.,5; hydrolyzable H, 1.7%;
Colg = 19%. Vapor pressures were measured on the vacuum line., The
best straignt 1ine througn thiirtecn pcints 1s repressnted by the
equation, log, P = «1470/T £ 7.65. Tihw normael boiling point was

calculated to be 34° Ce

i
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VIIX. SUIMARY

As a result of this investigation, several signigicant differ-
ences bet,ween the organic derivatives of stannane and those of ana=
logous conmpounds of carbon and silicon have become apparent, In
every case these differences may be attributed to the more electro-
positive nature of tin,
(1) Carbone-carbon, (C-C), and silicon-carbon, (Si=-C), "bond energles™
estimated by Pauling,® (loc. ¢it.) are 58.6 kcal/mole and 57.6
kcal/mole, respectively., The closeness of these values indicates
a similerity in bond type in these cases, The tinecarbon, (Sn=(C),
"bond energies™ computed in this investigation by analogous proe-
cedures is about 35 kcal/mole. Thus a profound difference in bond
type between this and the former cases 1s indicated.
(2) No important skeletal vibrstions were observed in the spectral
regicn covered by the infrared studles reportiyd here, It might
be expected that, iIn the case of tetraethyl tin and higher alkyl
stannanes, an absorption band wculd cccur at 900 cm=l since this

is a characteristic C=C stretching frequoncy.25 Failure to observe

25G. Herzberg, "Molecular Spectra and Molecular Structure‘
II, Infrared and Raman Spectra of Polyatomic MNolscules”,
D. Van Nostrand, New York, 1945, page 195,

such a band in tihe spectra of these compounds may be due to the
change in moment produced by the presence of tin as the central atom,
(3) The unsuccessful attempts to prepare chloroethyl stannsnes, by
methods used to prepare analogous compounds of silicon, is further
evidsnce of a difference in bond type. Owing to the large 4iffer-
ence in electronegativity between tin snd carbon, cleavage of the
alkyl group with the formation of tin halides was the predominant

reaction,

PR S ¥ B e e A
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(4) The relative electronegativity ~f the elements is a particulare-
ly important factor in the preparation of hydrides., For example,
it has beon obaserved that if the electronegativity of a metal is
less than 1.5 on Pauling's scale,>C the hydride of the metal may

26L. Pauling (loc. cite) pige 64.

be prepared by the reaction of lithium aluminum hydride with an
alkyl derivative; whereas the metal chloride either does not react
with lithium aluminum hydride or is reduced to free metal by this

reagent, On the other hand, elements having an electronegativity

greater than 1,5 on Psulingts scala yleld hydrides when the shloride

is reacted with lithium aluminum hydride while the alkyl deriva=
tives are unaffected., It appears that the element, tin, is unique
in that both alkyl groups and chlorine in alkyltin chlorides are
attacked by lithium aluminum hydride., Only by careful control of
the temperature can the halogen be replaced by hydrogen exclusive
of side reactions, This suggests that the electronegativity of tin
18 consideradbly less than the value of 1,7 given 4in Paulingts table,



o -

DISTRIBUTION LIST FOR TECHNICAL REPORTS
Tennessee A&I State College - ORGANIC DERIVATIVES OF TIN HYDRIDES

1

N9onr-95700 NR 055 214
No. of Copiles

Addressee

Comanding Officer

Office of Naval Research Branch 0ffice
150 Causeway Street

Beston, Massachusetts

Commanding Officer

Office of Naval Research Branch Office
844 North Rush Street

Chicago 11, Illinois

Commanding Officer

Office of Naval Research Branch Office
346 Broadway

New York 13, New York

Commanding Officer

Office of Naval Research Branch Office
1000 Geary Street

San Francisco 9, California

Commanding Officer

Office of Naval Research Branch Office
1030 N, Green Street

Pasadena 1, Celifornia

Officer-~in-Charge

Office of Naval Research, Branch Office

Navy Number 100
Fleet Post Office
New York, New York

Director, Naval Research Laboratory
We shington 25, D. C.

Attention: Technical Information Officer

Chief of Navsl Research
Office of Naval Research
Washington 25, D. C.
Attention: Chemistry Branch

Research and Development Board
Pentagon, Room 3D1041

Wsshington 25, D. T,

Attentions Technical Reference Section

Dr. Ralph G. H, Siu, Research Director
General Laboratories, Qi Depot

eASIALY S. 20t Stresy

Pniladelphia 45, Pennsylvania

Dr., Warren Stubblebine, Research Director

Chemical & Plastics Section, RDB-MPD
Quartermaster General'!s Office
Wwashingten 25, D. C.

ek




DISTRIBUTION LIST FOR TECHNICAL REPORTS - Page 2
Tennessee A&I State College - ORGANIC DERIVATIVES OF TIN HYDRIDES

No. of Coples

1

N9onr-95700 NR 055 214

Addressee

Dr., A, Stuart Hunter, Tech. Director
Research ard Development Branch MPD
Quartermaster General's Office
Washington 25, D. C.

Dr, A. G. Hornoy

Wright Air Development Center
Wright-Patterson Air Force Base
Dayton, Ohio

Attention: 'WCRRS-4

Dr, A. Welssler

Department of The Army

Office of the Chief of Ordnance
Washington 25, D. C.
Attentions ORDTB-~FS

Research and Development Group
Iogistics Division, General Staff
Department of The Army
Washington 25, D. C,

Attn: Dr, W. T. Read, Scientific Adviser

Director, Naval Research Laboratory
Washington 25, D. C.
Attention: Chemistry Division

Chief of the Bureau of Ships
Nevy Department

Washington 25, D. C,
Attention: Code 340

Chief of the Bureau of Aeronautics
Navy Depsrtment

Washington 25, D. C.

Attention: Code TD-4

Chief of the Bureau of Ordnance
Navy Department

Washington 25, D. C.

Attentiong: Code Rexd

Mr, J. H, Heald
Library of Congress
Navy Research Section
Washington 25, D, C.

Dr. He A Zahl, Tech. Director
Signal Corps Engineering Laboratories
Fort Monmouth, New Jersey

!
!

e X e

ettt



DISTRIBUTION LIST FOR TECHNICAL RiPORTS - Page 3

Tennessee A&I State College - CRGANIC DERIVATIVuS CF TIN HYDRIDES

N9onr-95700 NR 055 214

No. of Coples

2

Addressee

ONR Southeastern Area

c/o George Washington University
Room 13 Staughton Hall

7C7 2<nd Street N, W,

Washington 6, D. C.

Dr. A. E. Finholt
Department of Chemistry
St. 0laf College
Northfield, Minnesota

Dr. A. B. Burg

Department of Chemistry
University of Southern Californie
Los Angeles 7, Caslifornia

Dr, Thomss R. P. Gibb, Jr,
Director of Chemical Research
Metal Hydrides, Inc,

12-24 Congress Strest
Beverly, Massachusetts

Dr. Hs I. Schlesinger
Department of Chemistry
The University of Chicago
Chicago 37, Illinois

Dr, George Schaeffer
Department of Chemistry
St. Louls University
1402 S. Grand Blvd

St. Lculs 4, Missouri

Dr. C. D. Coryell

6-427, Department of Chemistry
Mass., Institute of Technology
Cambridge 39, Mass,

Dr¢ Thomss Waertik
Depsrtment of Chemistry
Pennsylvania State Coilege
State Collegse, Pennsylvania




DISTRIBUTION LIST FOR TzCHNICAL REPORTS - Page 4

Tennessee A&I State College - ORGANIC DZRIVATIVES OF TIN HYDRIDES
N9onr-95700 NR 055 214

No. of Coples

1

—

Addressee

U. S. Naval Radiological Defense Labaratary
San Frencisco 24, California
Attention: Technical Laboratory

Noval Ordnance Test Station (Inyokern)
China Lake, California
Attention: Head, Chemistry Division

Office of Ordnance Research
2127 Myrtle Drive
Durham, North Carolina

Technical Command
Chemical Corps
Chemical Center, Maryland

U. S. Atomic Energy Commission
Research Division
Washington 25, D. C.,

U. S. Atomic Energy Commission
Chemistry Division '
Brookhaven National Laboratory
Upton, New York

poe—y 22

e

U, S. Atomic Energy Commission
Librery Branch, Tech. Information, ORE 1
P, O. Box E ~
Oek Ridge, Tennessee

Dr. E. G, Rochow

Department of Chemistry
Harvard University
Cambridge 38, Massschusetts

Dr. Lewrence Summers
Department of Chemistry
University North Dakota
Grand Forks, North Dakota



	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037

